Ultrastructural changes in the cell walls of "Calville de San Sauveur" apples (Mahn sylvestris Mi) and "Spadona" pear (Pyrs conunws L.) frit were folowed during rpening. In apple, structural alteratons in cell walls became apparent at advanced stages of softening and showed predominantly disolution of the middle lamella. In pears softening was also associated with the dissolutio of the middle lamella, and in addition a gradual disintegration of fibria material throughout the cell wall. In fully ripe fruit almost al of the frilbar arrangement in the cell wall was lost.
A characteristic of the ripening process common to most fruits is a decrease in fruit firmness. Loss in firmness is shown to be associated with the activity of cell wall-degrading enzymes (9, 16) and it is a reasonable hypothesis that this activity could lead to the chemical and structural alterations in cell walls. In an early microscopic study of cell walls from developing apple fruits, no differences were observed in thickness or structure during storage and softening of the fruit (14) . Other studies in pear showed that although in lignified walls of stone cells there was no change during fruit maturation, in overripe fruit the parenchymatous cell walls became extremely thin and tenuous (18) . Recent studies in avocado (15) also suggested that in softening fruit cell walls lose their structure. In the present work we extend these studies aimed at: (a) using ultrastructural techniques to observe the detailed microscopic changes occurring in the walls of apple and pear, representing slowly, and rapidly softening pome fruit; and (b) to ascertain the relationship between the changes in cell walls as occurring naturally in softening fruit to those resulting from the activity of applied cell wall-degrading enzymes. ' Ultrastructural studies were also made on fruit discs treated with applied enzymes. Small discs, 1-cm diameter, 3 mm thick, from mature hard fruit were incubated for 1 to 2 h in acetate buffer solutions containing commercial enzyme preparations. The enzyme solutions consisted of 25 mg/ml tomato PG (NBC), 16 mg/ml fungal cellulase (Worthington CSEI 1), or 23 mg/ml pronase (Calbiochem). (The tomato PG had predominantly endoactivity. Since this work was done, Bartley [5] has shown that native PG of apples has exo-activity.) After tomato PG was found to contain a high cellulase activity, it was purified by chromatography using a DEAE-cellulose column, and 0. The ultrastructural changes in cell walls of tissue discs following incubation with applied cell wall-degrading enzyme solutions are shown in Figure 2 . Tissue discs from mature hard fruit incubated in acetate buffer (control) had the same appearance as untreated tissue taken from fruits of the same firmness as shown in Figure  1 , A and D. Pronase digestion did not change this appearance (data not shown). Incubation with PG resulted in slight dissolution chiefly of the areas between adjacent cell walls in both apples and pears (Fig. 2, A, and B, respectively). In pears (Fig. 2B ) some of the middle lamella was still visible, but had undergone degradation and formation of empty regions in the remainder of the wall. The changes were comparable to those occurring naturally (Fig. 1, B and E), and appeared to be similar in both types of tissues. The results of cellulase digestion differed, however, from the pectinase action. In apple tissue, applied cellulase markedly reduced the amount of the fibrillar material between neighboring cell walls and also in the outer parts of walls (Fig. 2C) . Some of the remaining fibrils in walls appeared as long dissociated threads, yet the inner part of the wall, next to the cell content, was unaffected and appeared tightly packed and darkly stained. More drastic destruction was often seen with complete dissolution of wall material even in the inner part of the wall, and with no clearly defined structure remaining. Mature hard pear tissue, after incubation with applied cellulase (Fig. 2D ) also displayed fibrils in a state of dispersal in the outer region of adjoining cell walls, and as in apples, tightly arranged and darkly stained material next to the inner part of the walls. Other samples (Fig. 2E) showed that as in apple the cell wall digestion could be quite progressive with only thin areas, in the inner walls appearing intact. In both apple (Fig.   2C ) and pear (Fig. 2, D and E) the action of the cellulase appeared to dissolve the middle lamella only in part, although the region of the latter appeared to have been largely dissolved. When cellulase and PG were applied jointly to pear (Fig. 2F) there was dissolution of both the middle lamella itself, and the wall material next to it.
In addition, walls lost their intense stainability and fibrillar material appeared to be dissolving. These walls had an appearance of the combined enzyme action (Fig. 2, B and D) , and resembled those in naturally softening pears (Fig. 1E) .
A plasmodesmata-wall complex was often observed in the cell walls of immature hard apples and pears, showing a darker staining and a denser fibrillar structure than in the surrounding cell walls (Fig. 3A) . The difference between the plasmodesmatawall complex and the surrounding cell wall became more obvious when the fruit softened, as the former did not appear to undergo any significant structural changes, whereas the middle lamella and the primary cell wall underwent degradation as shown by reduced stainability and appearance of empty regions (Fig. 3B) . Fairly large vesicles (z) which occurred generally in ripe fruit (Fig. IC) were often observed in the vicinity of plasmodesmata. The crosssection of the plasmodesmata complex (Fig. 3C) shows the vesicles in close proximity and suggests that vesicles are part of this complex. Application of PG and cellulase to mature hard pear tissue (Fig. 3D) (Fig. 1B) . Treatment with both enzyme activities caused cell wall disintegration far in excess of that occurring naturally even in overripe fruit (data not shown). A similar effect has been described by Reis and Roland (17) treatment of growing vegetative tissues. In pears, however, both the fibrils in the middle lamella and the cell walls became sparse as the fruit softened (Fig. 1, E and F) presumably due to the combined action of pectolitic enzymes and cellulase. This view is supported by the results showing the similarity in the ultrastructure of cell walls from normally softening pears (Fig. 1E ) and cell walls from firm tissue discs treated with PG and cellulase (Fig. 2F) . In apples the loss in lamellation and density of cell wall fibrils during softening was much less obvious than in pear tissues, but it was observed frequently in the walls from soft fruit. Generally, dispersal of cell wall material was encountered in the middle lamella region of ripe apples. It is suggested that whereas PG is likely to be involved in cell wall degradation in both apple and pear, cellulase might have a role in cell wall degradation only in softening pears. Although cellulase activity has been found in a number of ripening fruits (9) including pears (6) its presence in apples has not yet been demonstrated. PG activity has been previously detected in ripe pears (13, 22) and was shown to increase during pear ripening (6) . Recently, the presence of an exo-PG in apples has been established by us (unpublished data) and other workers (5) .
Although the action of PG and cellulase appears to be involved in cell wall degradation in some ripening fruits, the probable involvement of other hydrolytic enzymes cannot be excluded. Charvat and Esau (7) showed the presence of acid phosphatase in the middle lamella, and in xylem elements along the primary cell wall undergoing lignification. Likewise, the increase in fl-galactosidase activity in ripening tomatoes (21) and apples (4) is a further indication of their possible contribution to the cell wall modifications in softening fruit. The clearly disorganized and sparse structure throughout the cell wall of soft pear fruit indicates that other polysaccharides are likely to be degraded simultaneously as was also suggested by Wallner and Bloom (20) .
Characteristic of middle lamella dissolution in ripe fruit was the frequent occurrence of vesicles appearing usually in the area close to intercellular spaces. Vesicles were usually observed in areas adjacent to the plasmodesmata-wall complex (Fig. 3) . A similar "reticulate structure," but in larger quantities, was described in apples by Fuller (10) , who concluded that this was a symptom of cell wall breakdown as they seem to appear after the cell wall digestion by PG. They might, therefore, be extensions of the protoplast into space vacated by degraded cell wall material. Their role is a matter of speculation.
The dark stainability of the cell wall regions surrounding plasmodesmata and their persistence in cell walls undergoing degradation in normally softening fruit, or tissues treated with cell wall- degrading enzymes, suggest that the wall material surrounding the plasmodesmata is resistant to the action of pectinase and cellulase. Similar observations with regard to the persistence of plasmodesmata in abscission layers (12, 17, 19) has led to the suggestion that the cell wall at the interface is apparently different in composition. The persistence of the cell wall-plasmodesmata complex throughout the ripening process is similar to that of other organelles, notably the mitochondria which also persist in senescing fruit tissue (3) . As in the latter the cell wall-plasmodesmata complex remains functional throughout the senescence process, apparently to support the extensive metabolic processes which occur in the cell walls of senescing fruit tissues.
